Electrocardiogram is considered a substantial instrument in the clinical evaluation of patients with heart disease. This tool can be used to determine the origin and frequency of the impulse as well as the cardiac conduction disorders. The aim of this study was to evaluate the frequency and type of electrocardiographic abnormalities in the immediate preoperative period of 60 dogs seen in the surgery department of the Veterinary Hospital of Pontifícia Universidade Católica do Paraná -PUCPR, campus Toledo, between September 2015 and June 2017, and to analyze its correlation with the different breeds, sex, age, and weight of each patient. Alterations in the preoperative electrocardiogram have been shown to be frequent and their occurrence is independent of age, breed, size, and sex of the animal. The most frequent findings in the present study were the following: respiratory sinus arrhythmia (30%), atrial fibrillation (16,7%), sinus tachycardia (10%), increase in R wave amplitude (10%), and ST segment depression (10%). Therefore, electrocardiography proved to be an auxiliary diagnostic method of great relevance in the dogs' preoperative period, guaranteeing greater anesthesia safety and lower risks of cardiovascular complications. Keywords: anesthetic safety; cardiac conduction; electrocardiogram.
Introduction
The electrocardiogram (ECG) is considered an essential instrument in the clinical evaluation of patients with heart disease. Impulse origin and frequency and conduction disorders can be determined through this test. In addition, the examination provides information on the size of the cardiac chambers, changes in electrolytes (calcium and potassium), myocardial oxygenation status, and mainly arrhythmias. The ECG is part of check-up exams, especially in elderly animals, but it is also performed in some patients before procedures that require sedation or that involve general anesthesia (1) .
Pre-surgery evaluations are a set of procedures and examinations performed in the period before surgery (2) , having as main aim to reduce mortality and surgical morbidity (3, 4) . Tudury and colleagues (5) cite the possible occurrence of disturbs in rhythm, frequency, and/or cardiac functioning during the surgical procedures of dogs and cats as a result of the patient's own pathophysiological state, plus the side effects caused by anesthetic drugs. A good pre-surgical evaluation can, therefore, minimize the risks of surgical complications; however, even if properly performed, it does not guarantee the absence of complications (6) . Rabelo (7) points out the great importance of the electrocardiographic examination as a preanesthetic evaluation of dogs and cats because it has the ability to reveal significant cardiovascular alterations that are not apparent to clinical examination. In this study, the electrocardiographic evaluation was performed as a preoperative examination of 32 asymptomatic dogs during physical examination of the cardiovascular system. Of these patients, 64.7% showed electrocardiographic alterations.
In general, preoperative electrocardiography should be performed in animals whose clinical and historical examination suggest some cardiopathy and also in those older than six years (3) . The heart of the elderly dog is prone to atrial fibrillation (8) , and the incidence of asymptomatic arrhythmias and valve insufficiency is high in dogs over 7 years old (9) . Arrhythmias are defined as disorders caused by changes in the formation and/or conduction of the electrical impulse through the myocardial tissue. They can modify the origin and/or physiological diffusion of the electrical stimulus of the heart. Therefore, the electrocardiogram is the method of choice to study and diagnose these disorders (10) (11) (12) . Tudury et al. (5) reported the occurrence of rhythm, frequency and/or cardiac functioning disorders during surgical procedures in dogs and cats. The electrocardiographic verification of changes in the cardiac rhythm in pre-anesthetic evaluation allows veterinarians to choose an anesthetic with lower arrhythmogenic potential, which makes the electrocardiographic examination a tool of great importance in the preoperative evaluation (7, 13) .
There are several cardiac pathologies that culminate in the development of arrhythmias, being the degenerative valve disease the most common cardiopathy in dogs (14) . A physiologically normal heart may present lethal arrhythmias in a variety of disorders, and abnormal electrocardiograms may be seen in animals with systemic disease, including electrolyte imbalances (hyperkalemia, hyponatremia, hypercalcemia, and hypocalcemia), neoplasias (especially splenic), gastric dilatationvolvulus syndrome, and sepsis (15, 16) . The information obtained by the ECG is essential not only to determine the type, origin, and severity of cardiac arrhythmias but also to direct the treatment (17, 18) . The presence of a heart disease does not contraindicate a surgical procedure, but it is an important point to be considered in the decision to perform it and in the determination of an ideal anesthetic protocol (9) . In this case, electrocardiography represents a fast and efficient way to obtain reliable parameters about the general and cardiovascular status of the patient (19) . During surgical procedures in dogs, the occurrence of frequency, rhythm and/or cardiac functioning disorders is possible due to the patient's own organic state, besides the effects caused by the drugs administered for anesthesia (5) . Given that certain arrhythmias increase anesthetic risks, a good preoperative ECG evaluation can minimize the risks of surgical complications, ensuring the success of anesthesia, and minimizing postoperative complications (6) .
The aim of this study was to evaluate the frequency and type of electrocardiographic abnormalities found during preoperative examination of dogs, relating it with the presence of surgical disease, obesity, age, sex, and weight of the animal.
Material and Methods
This study was previously approved by the Ethics Committee on the Use of Animals CEUA/PUCPR under the protocol 0955A/15.
Sixty dogs from the metropolitan and rural regions of Toledo, state of Paraná, were randomly assessed and directed to the surgery department of the Veterinary Hospital of PUCPR Campus Toledo, from September 2015 to June 2017.
Initially, the evaluation comprised data referring to the physical characteristics of the animal (race, age, weight, sex), followed by anamnesis, in order to obtain information about the cardiovascular function and the general condition of the patient, besides the surgical disease. After that, the general physical examination was continued. Anamnesis and general physical examination were performed according to the recommended literature (20) . Subsequently, the electrocardiogram was performed with the standardized equipment with a sensitivity of 1 cm for each millivolt (mV) and a recording rate of 50 mm/s in the bipolar and unipolar leads on the limbs, with the animal positioned on right lateral decubitus with the limbs perpendicular to the body and parallel to each other. We used an electrocardiograph model C10 (Brazilian Electronic Technology -TEB) that can record by conventional and computerized methods.
The records of the electrocardiographic tracings in the present study were obtained by the conventional method on thermal paper suitable for the examination. Three complexes of each derivation and a 50-cm strip of derivation II were recorded by the conventional method (21) .
The alligator-type electrodes with loosened springs and fine-tuned teeth were clipped to the skin folds above the olecranon (palmar surface) on the left and right thoracic limbs and dorsally to the patellar ligaments (inguinal fold) on the left and right pelvic limbs, moistened with isoelectric gel for electrocardiogram to obtain the graphic record (16) . The frequency and heart rate, duration (in milliseconds-ms) of the P wave, the QRS complex, and the PR and QT intervals were verified by both methods. Amplitudes (mV) of the P, R, and T waves, T wave polarity, ST segment leveling, and average electric spindle (16) , whose report was based on the evaluation of 3 to 4 complexes, were also verified. Moreover, the weight of the animals was taken into account for the interpretation of the duration and amplitude of the waves and the heart rate, as well as the age for the evaluation of the latter (21) .
The electrocardiogram was considered with alteration according to the definition by Carr et al. (10) and Ramirez et al. (11) for arrhythmia, following the analysis and values of duration (ms), amplitude (mV), and heart rate established by Tilley (21) for the conventional method.
In the study of the surgical indication, the population was divided into two groups. In one group, the animals had an indication for elective surgery, which included procedures of ovariosalpingohisterectomy, orchiectomy, and periodontal prophylaxis in clinically healthy animals.
In the other group, the animals had surgical indications related to other diseases, such as neoplasias, bone fractures, hernias, etc., called various surgeries. For this group, an evaluation of each surgical indication was later performed to verify a possible predisposition for the development of correlated arrhythmias.
To verify the frequency of electrocardiographic alterations according to weight, the animals were classified into three categories: up to 9.9 kg, from 10.0 to 20.0 kg and above 20 kg, following the standards established by Wolf et al. (22) . Once the age range of puppies, adults, and elderly dogs varies according to the size of the animal, a division was made to relate the two variables: the first group included small animals (up to 10 kg), aged between seven and 10 months (puppies), 11 months to 8 years (adults), and over 8 years (elderly); the second group included medium-sized animals (11 to 25 kg), whose age group was considered from seven to 11 months (puppies), from one year to seven years (adults), and older than seven years old (elderly); the last group corresponded to large dogs (weighing more than 25 kg), whose age range was seven to 18 months (puppies), 19 months to five years (adults), and over five years (elderly) according to the literature classification (23) .
The descriptive analysis was performed relating the frequencies of the different variables: race, age, sex, and weight of the animal with the presence or absence of changes in the electrocardiogram for the general population.
Results
From de 60 dogs assessed in the present study, 23,3% did not show any electrocardiographic alterations. Among the patients with a cardiac conduction disorder (76.7%), the main findings were as follows: respiratory sinus arrhythmia (30%, Figure 1 ), atrial fibrillation (16.7%, Figure 2 ), sinus tachycardia (10%, Figure 3 ), increase in R wave amplitude (10%, Figures 2 and 4) , and ST segment depression (10%, Figures 1 and 4) . Regarding the disorders found in lower frequencies, we observed: first-degree atrioventricular block (6.7%), increase in P wave amplitude (3.3%), decrease in R wave amplitude (3.3%), ST segment elevation (3.3%), and sinus bradycardia (3.3%). These changes are presented in Figure 5 .
As for the surgical conditions associated with each patient, the most prevalent diseases were: orthopedic conditions (20%), breast neoplasias (13.3%), and cystic endometrial hyperplasia (10%). In the group corresponding to the elective procedures, the most common procedures were SILVEIRA, S.D. et al.
ovariosalpingohisterectomy -OSH (20%), orchiectomy (6.7%), and periodontal prophylaxis (3.3%). By means of statistical analysis of all cases, we did not observe any predisposition to the development of cardiac conduction disorders that correlates with each pathology presented by the evaluated dogs. All elective procedures and surgical pathologies corresponding to the patients of this study are displayed in Figure 6 .
With regard to the percentage of alterations according to each patient's breed, the descending order regarding the frequency of involvement was as follows: crossbred dogs (43.4%), Poodle (17.3%), Border collie (8.6%), French Bulldog (4.4%), Cocker Spaniel (4.4%), Golden Retriever (4.4%), Lhasa apso (4.4%), German Shepherd (4.4%), Pinscher (4%), and Rottweiler (4.4%). Figure 7 shows all the breeds submitted to the electrocardiographic evaluation in the present study.
Confronting the percentage between the assessed males and females, a ratio of 63.3% versus 36.7% was obtained. From the females evaluated, 21.1% of animals presented absence of electrocardiographic changes. Among the males submitted to preoperative examination, 36.36% of the animals had no heart rhythm disturbances.
Based on the concept that the large variation in body shape among the different dogs breeds can alter the acceptable standardized measures (21) , we considered weight patterns (up to 9.9 kg, from 10 to 20 kg, and above 20 kg) during the interpretation of the electrocardiograms (22) in order to analyze the cardiac electrical activity in a correct and adequate way. Therefore, considering the total population of dogs studied (n=60), alterations in the electrocardiogram were found in 76.9% of the animals with Preoperative electrocardiographic study of dogs at the veterinary hospital of... up to 9.9 kg, in 66.7% of those weighing from 10 to 20 kg, and in 75% of those over 20 kg ( Figure  8 ).
According to the age range of the studied dogs, we observed that among the small animals, the electrocardiographic alterations corresponded to a percentage of 7.7% of puppies, 30.8% of adults, and 38.46% of elderly dogs. Among the medium-sized animals, 10% of the puppies presented alterations in the electrocardiographic tracing, 30% of adults, and 30% of the elderly. In the group of large dogs, the same percentage of cardiac rhythm abnormalities was observed among the puppies, adults and the elderly, corresponding to 28.6% of each age group (Figure 9 ).
Discussion
In a study carried out by Carvalho et al. (24) , 46% of the dogs showed alterations, indicating a high frequency of abnormalities. The percentage verified by Rabelo (7) was even higher (65%), corroborating the results found in the present study, where 76.7% of the dogs presented some type of abnormality in the electrocardiogram.
According to Figure 5 , the most frequent electrocardiographic alterations in this study were: respiratory sinus arrhythmia (30%), atrial fibrillation (16.7%), sinus tachycardia (10%), increase in R wave amplitude (10%), and ST segment depression (10%). These results agree with those by Rabelo (7) and Carvalho et al. (24) regarding the most observed changes in the preoperative electrocardiographic evaluation. Regarding the disorders found in lower frequencies, we observed:
Preoperative electrocardiographic study of dogs at the veterinary hospital of... first-degree atrioventricular block (6.7%), increase in P wave amplitude (3.3%), decrease in R wave amplitude (3.3%), ST segment elevation (3.3%), and sinus bradycardia (3.3%). These alterations may be linked to heart disease, systemic disease or, in some cases, a normal variation (21) . It is worth emphasizing that according to Wolf et al. (22) , Camacho et al. (25) and Gava et al. (26) , the conventional evaluation method used in the present study shows more absolute values when compared to the computerized method, thus guaranteeing more precise results as the electrocardiographic changes of each patient.
Regarding the percentage of alterations according to the breed of each patient, the most frequent was crossbred animals (43.4%), followed by Poodle (17.3%) and Border collie (8.6%), as observed in Figure 7 . In a similar study conducted by Carvalho et al. (24) , similar results were found, where 48.52% of the animals that presented alterations had undefined breed (crossbred) and 22.78% were poodles, representing more than 70% of the animals evaluated.
According to other studies in veterinary cardiology (21, (24) (25) (26) (27) , males are more likely to develop heart disease, disagreeing with the results found in the present study, where the female population had a higher percentage of electrocardiographic changes than the male one, presenting 78.9% and 63.64%, respectively. The divergence between the results obtained in this research and those reported in the aforementioned studies may be because the percentage of males (36.7%) that were part of this study was lower than that of females (63.3%)
Considering the different weight standards stipulated in order to analyze the cardiac electrical activity in a correct and adequate way, it can be verified that the dogs of the general population showed electrocardiogram alterations in the frequency of 76.9% for the animals with up to 9.9 kg, 66.7% for those weighing between10 to 20 kg, and 75% for those weighing more than 20 kg Figure 8 . Carvalho et al. (24) reported in a similar study a frequency of changes corresponding to 45.08% for animals with up to 9.9 kg; 47.85% for dogs of 10 to 20 kg, and 45.26% for those with more than 20 kg. The divergence between the results can be related to the low number of samples studied in this project when compared to the aforementioned research (24) .
Based on Figure 9 , according to the age group of the studied dogs, it can be observed that among the small animals, the electrocardiographic alterations corresponded to a percentage of 7.7% of puppies, 30.8% of adults, and 38.46% of the elderly dogs. Considering the medium-sized animals, 10% of the puppies presented alterations in the electrocardiographic tracing, 30% of adults and 30% of the elderly animals. When the large dogs were analyzed, the same percentage of cardiac rhythm abnormalities were observed in puppies, adults, and elderly animals, corresponding to 28.6% of each age group. Through these data, it can be concluded that the size had no influence on the electrocardiographic changes. However, age was influential since adult and elderly dogs presented the highest indexes of alterations when compared to the puppies. The results of this variable (age in relation to size) did not present similarities to the data found by Ramirez et al. (11) , who observed that old and small dogs presented the highest occurrences of electrocardiographic alterations.
Conclusion
The present study allowed us to verify that electrocardiographic changes in the preoperative period are frequent in dogs, regardless of age, breed, size, and sex. Thus, electrocardiography proved to be an auxiliary diagnostic method of great importance in surgical patients, ensuring greater anesthetic safety and lower risk of cardiovascular complications.
